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Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81 A77severity of osteophytes in medial and lateral compartment, the max-
imum grade of femoral and tibial osteophyte grades was used for both
modalities (i.e., SQUSmedial osteophyte grade, MRI medial osteophyte
grade, SQUS lateral osteophyte grade, MRI lateral osteophyte grade). In
the statistical analysis, ultrasound and MRI outcomes were site-spe-
ciﬁcally compared using Spearman’s correlation coefﬁcient and
Kruskal-Wallis post-hoc test. The receiver-operating characteristics
(ROC) were used to quantify the site-speciﬁc diagnostic performance
of ultrasound with respect to corresponding MRI grade (0 considered
as “normal” and grade  1 as “OA”).
Results: Strong positive correlations were observed between medial
and lateral ultrasound and MRI osteophyte grades (Fig. 1 - A, B). Strong
to weak signiﬁcant positive correlations were found between medial
ultrasound andMRI cartilage grades (Fig.1 - C, D), and lateral ultrasound
and MRI cartilage grades (Fig. 1 - E, F). In all sites, ultrasound grade was
able to signiﬁcantly differentiate (p < 0.05) between separate MRI
grades, especially in early OA stages (betweenMRI grade 0 and 1, Fig. 1).
The diagnostic performance of ultrasound to detect any osteophytes in
medial and lateral compartments was excellent (Fig. 2 - A, B). The
diagnostic performance of ultrasound to detect any cartilage degener-
ationwas good inmedial femoral condyle (Fig.2 - C, D) and fair in lateralFigure 2. The ROC curves demonstrating the ability of ultrasound to detect
OA in separate sites of the knee joint. Site-speciﬁc MRI grade was used to
determine the absence (grade ¼ 0) or presence (grades  1) of OA. The
area under the curve (AUC) indicated excellent ability of ultrasound
medial (A) and ultrasound lateral (B) osteophyte grades to detect any
osteophyte in the speciﬁc compartment. Good diagnostic ability of
ultrasound medial cartilage grade to recognize any cartilage loss (C) and
full thickness loss (D) in the region was observed. AUC indicated fair
diagnostic performance of ultrasound lateral cartilage grade to detect any
cartilage loss (E) and full thickness loss (F) in the region.femoral condyle (Fig. 2 - E, F). When choosing the cutoff value of SQUS
medial cartilage grade 1, 98% of the subjects were correctly diagnosed as
osteoarthritic, however the speciﬁcity remained low (37%) (Fig. 2 - C).
When using cutoff value of grade 2, the sensitivity and speciﬁcity of
ultrasound were reasonably good, 76% and 70%, respectively.
Conclusions: The present comparison of dynamic SQUS and MOAKS
revealed that both modalities are in good agreement for cartilage and
osteophyte assessment. Our results suggest that ultrasound could be
used as a ﬁrst-line or complementary imaging technique in initial
evaluation of OA, especially in OA phenotype with dominant bone
changes, i.e., osteophytes.
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Purpose: The clinical signiﬁcance of pre-radiographic lesions in persons
at risk for knee OA is unclear. Understanding whether such lesions are
inconsequential vs. early manifestations of disease will aid prevention
and disease-modifying strategy design. White et al (2010) illustrated
that structure change in OA may be more consequential than present
but static disease. Our objective was to test the hypotheses, in persons
without any radiographic knee OA but at higher risk to develop it, that:
12-48 month change in MRI lesions is associated with greater 12-48
month risk of incident early radiographic features of OA and greater 48-
84 month risk of persistent symptoms.
Methods: In a cohort study of 849 OAI (Osteoarthritis Initiative) par-
ticipants who were Kellgren and Lawrence (KL) grade 0 in both knees,
we assessed right knee (left if right technically inadequate) cartilage
damage, bone marrow lesions (BMLs), and meniscal damage on 12-
month (baseline for this study) MRIs using the MOAKS scoring system
(WORMS for BMLs). Incident radiographic OA features for these persons
were deﬁned as evidence of KL grade 1 by 48 month follow-up (the
latest time point for OAI x-ray data by centralized reading released at
the time of abstract preparation). Persistent symptoms in the sub-
sequent period (48-84 months) were deﬁned as frequent knee symp-
toms or medication use for knee symptoms most days of a month in the
past 12 months, at 2 consecutive annual OAI visits between 48 and 84
month follow-up evaluations. Multivariable logistic regression (one
knee/person) was used to evaluate associations between worsening
lesion status (deﬁned as evidence by 48 months of incident lesions or
worsening of lesions present at baseline) vs. non-changing lesion status
(no incident lesions or worsening of existing lesions) for each of the
outcomes analyzed, adjusting for age, gender, BMI, knee injury, and
knee surgery.
Results: The sample of 849 persons had a mean age 59.6 years (SD 8.8),
BMI 26.7 kg/m2 (4.2), and 475 (55.9%) were women. The Table shows
the frequency of each outcome by 12-48 month lesion status groups,
i.e., none/none, none/incident lesion, lesion/no change, and
lesion/worse. As shown in the Table, in adjusted models, 12-48 month
lesion status change in tibiofemoral (TF) cartilage damage, meniscal
tear, meniscal extrusion, and TF BMLs was associated with a sig-
niﬁcantly greater risk of concurrent incident KL 1, and 12-48 month
lesion status change in TF cartilage damage, patellofemoral (PF) carti-
lage damage, and PF BMLs with a signiﬁcantly greater risk of 48-84
month persistent symptoms (ﬁndings which persisted after further
adjusting for presence of persistent symptoms during the 12-48 month
period).
Conclusions: In persons at higher risk but without any evidence of
radiographic knee OA at baseline, changing MRI lesion status over a 3-
year interval was associated with a greater risk of concurrent devel-
opment of early radiographic features of OA and a greater risk of per-
sistent symptoms over a subsequent 3-year follow-up. These ﬁndings
suggest that such lesions, particularly when they are changing, may
represent early disease and illness and support the concept of com-
pensated/stable and decompensated/progressive phases at very early
stages of OA.
12-48m lesion status 12-48m* Incident KL1
Number (%) with outcome
Adjusted OR** (95% CI), 12-48m
change (vs no change)
48-84m Persistent symptoms
Number (%) with outcome
Adjusted OR*** (95% CI), 12-48m
change (vs. no change)
TF cartiiaqe darnaqe
None/ none 13/394 (3.3) reference 54/420 (12.9) reference
Damage/ no change 21/339 (6.2) 88/356 (24.7)
None/ incident damage 8/40(20.0) 6.15(3.12, 12.14) 11/45(24.4) 2.11 (1.26, 3.51)
Damage/ worse 9/26 (34.6) 14/28 (50.0)
PF cartilage damage
None/ none 12/269 (4.5) reference 29/287(10.1) reference
Damage/ no change 30/443(6.8) 123/470 (26.2)
None/ incident damage 7/37(18.9) 2.00 (0.93, 4.34) 9/39 (23.1) 1.91 (1.20, 3.06)
Damage/ worse 2/50 (4.0) 19/53 (35.9)
Meniscal tear
None/ none 18/596 (3 .0) reference 91/628 (14.5) reference
Tsar/ no change 18/151 (11.9) 48/164 (28 3)
None/ incident tear 11/40 (27 5) 7.67(3.72, 15.82.) 9/41 (22.0) 1.37 (0.75,2.50)
Tear/worse 4/12 (33.3) 7/16 (43.8)
Meniscal extrusion
None/ none 27/669 (4.0) reference 109/7I3 (15.3) reference
Extrusion/ no change 15/105 (14.3) 38/110 (34 6)
None/ incident extrusion 6/19(31.6) 10.46 (4.24, 2575) 2/19 (10.5) 0.96 (0.38, 2.44)
Extrusion/ worse 3/6 (50.0) 3/7 (42.9)
TF BMLs
None/ none 23/524 (4 4) reference 77/557 (13.8) reference
BML/ no change 14/203 (6 9) 59/215 (27 4)
None/ incident BML 11/83 (17 5) 5.24(2 .SO, 10.54) 13/66 (19.7) 1.18 (0.68,2.03)
BML/ worse 3/9 (33.3) 6/11 (54,6)
PF BMLs
None/ none 17/323 (5.3) reference 40/348 (11.5) reference
BML/ no change 23/353 (6.5) 98/374 (26 2)
None/ incident BML 5/64 (7.8) 1.62 (0.79, 3.32) 11/66 (16.7) 1.75 (1.15, 2.66)
BML/ worse 6/59 (10.2) 24/61 (33.3)
m ¼ month, KL ¼ Kellgren and Lawrence, OR ¼ odds ratio, CI ¼ conﬁdence interval, TF ¼ tibiofemoral, PF ¼ patellofemoral
*At time of abstract preparation, 48m is latest OAI x-ray data release
**Adjusted OR (shown in this column) is the adjusted odds of incident KL  1 lesions for knees with 12-48m lesion status change, compared to the odds for knees with no
lesions or stable lesion status (reference group) over the same 3-year interval (columns 2 and 3), adjusted for age, gender, BMI, knee injury, and knee surgery.
***Adjusted OR (shown in this column) is the adjusted odds of persistent symptoms over 48-84m follow-up for knees with 12-48m lesion status change, compared to the odds
for knees with no lesions or stable lesion status over 12-48m (columns 4 and 5), adjusted for age, gender, BMI, knee injury, and knee surgery.
Figure 1. Micro-CT vs. Synchrotron KES-SRmCT. The left pane shows micro-
CT derived transverse 2-D section of the distal femoral condyle 12 weeks
post-surgery. Despite the evident formation of osteophytes (arrows) and
thickening of the subchondral bone plate (square bracket) to the trained
eye, most information is purely morphometric in nature, with no direct
evidence of adaptive bone turnover. On the other hand, the right hand
side panel indicates a 3-D render of strontium distribution in spatial
regions of dynamic bone turnover (light blue color) using KES-SRmCT, in
conjunction with that micro-CT based morphometric information.
Abstracts / Osteoarthritis and Cartilage 23 (2015) A26eA81A7892
SYNCHROTRON-BASED 3-D FUNCTIONAL MICRO-CT IMAGING OF
DYNAMIC STRONTIUM LABEL TO LOCALIZE PATHOLOGICAL BONE
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Purpose: Early diagnosis of osteoarthritis using medical imaging has
been a focus of many studies, but results have been inconclusive, partly
due to the unknown etiology of the disease. In this study we aimed to
image pathological bone mineralization and remodeling in 3 dimen-
sions (3-D) during the pathogenesis of the disease, at a resolution and
spatial accuracy far better than conventional radionuclide-based
imaging methods. Non-radioactive strontium, an element with an
afﬁnity for bone uptake, was employed as a dynamic functional imaging
tracer of bone turnover and its distribution in bone was evaluated using
an x-ray-based method at the Canadian Light Source synchrotron called
dual energy K-edge subtraction micro-CT (KES-SRmCT).
Methods: A total of 16 adult female rats were used in the study. Post
traumatic osteoarthritis was induced in 12 rats by surgically transecting
medial collateral and anterior cruciate ligaments, and removing medial
meniscus. The remaining 4 ratswere assessed as sham-operated controls.
Bone adaptations were assessed by in vivo micro-CT imaging at monthly
intervals for 12 weeks. In order to visualize pathological bone minerali-
zation, rats received daily oral administration of strontium as a dynamic
tracer localizing tobone turnoverand thedistributionof that strontiumin
bones was assessed in 3-D and at 10mm resolution using KES-SRmCT. A
synchrotron monochromatic x-ray source allowed for precise tunability
of x-rayenergies, itwasused to imagebothbelowandabove theK-edgeof
strontium, the subtraction of which produced elemental distribution of
strontiumwithin bone in 3-D. The results were correlated with 2-D ele-
mental mapping using electron probe micro-analysis (EPMA) at 5mm
resolution and decalciﬁed histological evaluation.
Results: Under conventional in vivo micro-CT, temporal morphometric
changes in bone during the pathogenesis of osteoarthritis includedconsiderable osteophyte formation around the collateral ligament
attachments and margins of articulating surfaces, as well as sclerosis of
subchondral bone at later stages. In contrast, using KES-SRmCT imaging,
distinct micro-architectural bony surfaces signiﬁcantly incorporated
strontium label, notably mineralizing osteophytes at 4, 8, and 12 weeks
post-surgery (Figure 1) and thickening of the subchondral bone plate
between weeks 8 to 12 (Figure 2). In the sham-operated group, stron-
tium was scantily deposited on adaptive trabecular surfaces indicating
normal bone remodeling.
